Limited dispersion and quick degradation of environmental DNA in fish ponds inferred by metabarcoding by Li, J et al.
 Li, J, Lawson Handley, L, Harper, LR, Brys, R, Watson, HV, Di Muri, C, Zhang, X 
and Hänfling, B




LJMU has developed LJMU Research Online for users to access the research output of the 
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by 
the individual authors and/or other copyright owners. Users may download and/or print one copy of 
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research. 
You may not engage in further distribution of the material or use it for any profit-making activities or 
any commercial gain.
The version presented here may differ from the published version or from the version of the record. 
Please see the repository URL above for details on accessing the published version and note that 
access may require a subscription. 
For more information please contact researchonline@ljmu.ac.uk
http://researchonline.ljmu.ac.uk/
Citation (please note it is advisable to refer to the publisher’s version if you 
intend to cite from this work) 
Li, J, Lawson Handley, L, Harper, LR, Brys, R, Watson, HV, Di Muri, C, 
Zhang, X and Hänfling, B (2019) Limited dispersion and quick degradation 
of environmental DNA in fish ponds inferred by metabarcoding. 
Environmental DNA, 1 (3). pp. 238-250. ISSN 2637-4943 
LJMU Research Online
Environmental DNA. 2019;00:1–13.	 	 	 | 	1wileyonlinelibrary.com/journal/edn3
 
Received:	12	November	2018  |  Revised:	29	May	2019  |  Accepted:	31	May	2019
DOI: 10.1002/edn3.24  
O R I G I N A L  A R T I C L E
Limited dispersion and quick degradation of environmental 
DNA in fish ponds inferred by metabarcoding
Jianlong Li1,2  |   Lori J. Lawson Handley1  |   Lynsey R. Harper1  |   Rein Brys3 |   



























Materials & Methods: This	study	was	carried	out	at	two	artificially	stocked	ponds	with	
a	high	fish	density	following	the	introduction	and	removal	of	two	rare	fish	species.
Results & Discussion: When	two	rare	species	were	 introduced	and	kept	at	a	fixed	
location	in	the	ponds,	eDNA	concentration	(i.e.,	proportional	read	counts	abundance)	
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1  | INTRODUC TION
Environmental	DNA	 (eDNA)	 analysis	 has	 emerged	as	 a	powerful	 tool	







(reviewed	 in	 Rees,	Maddison,	Middleditch,	 Patmore,	 &	Gough,	 2014;	














then	 break	 down	 and	 release	DNA	 (reviewed	 in	 Lawson	Handley,	
2015;	 Thomsen	 &	 Willerslev,	 2015).	 Studies	 have	 demonstrated	
that	eDNA	production	 rates	can	be	highly	variable	among	species	
in	 aquatic	 ecosystems	 (Goldberg,	 Pilliod,	 Arkle,	 &	 Waits,	 2011;	
Sassoubre,	 Yamahara,	 Gardner,	 Block,	 &	 Boehm,	 2016;	 Thomsen,	























for	 greater	 settling	 of	 eDNA	 in	 sediment	 at	 the	 location	where	DNA	






over	 time.	The	 rate	of	degradation	 in	water	can	 range	 from	hours	
to	weeks,	depending	on	the	ecosystem,	 target	species,	and	eDNA	
capture	method	in	question	(Baker	et	al.,	2018;	Balasingham	et	al.,	
2017;	 Dejean	 et	 al.,	 2011;	 Goldberg,	 Sepulveda,	 Ray,	 Baumgardt,	
&	Waits,	 2013;	 Takahara	 et	 al.,	 2012;	 Thomsen,	 Kielgast,	 Iversen,	
Møller,	et	al.,	2012a;	Thomsen,	Kielgast,	Iversen,	Wiuf,	et	al.,	2012b).	
Additionally,	 environmental	 conditions	 (e.g.,	 chlorophyll	 α,	 natural	
inhibitors,	 microbial	 activity,	 biochemical	 oxygen	 demand	 [BOD],	
temperature,	pH,	and	ultraviolet	B	[UV‐B]	radiation)	play	an	integral	
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In	 this	 study,	 we	 capitalize	 on	 the	 diagnostic	 power	 of	 eDNA	
metabarcoding	 to	 explore	 the	 spatial	 and	 temporal	 distribution	of	
fish	 communities	 in	 two	 aquaculture	 ponds	 and	 to	 evaluate	 the	
detection	 sensitivity	of	 this	 tool	 for	 low‐density	 species	alongside	















in	 ponds	 including	 production,	 degradation,	 and	 transport,	 and	 to	
inform	effective	sampling	strategies.
2  | MATERIAL S AND METHODS
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the	pond,	whereas	P5	was	on	the	catercorner	of	P1	(Figure	1).	After	
sampling	 on	D0,	 four	 new	 keepnets	 containing	 25	 individuals	 each	
of	 the	 introduced	 species	were	placed	 in	P1	of	each	pond.	 In	pond	
E1,	the	introduced	species	were	Squalius cephalus	(chub,	26.0	±	1.8	g)	




D8,”	 introduction	 stage)	 at	 each	 position	 (P1–P5)	 in	 each	 pond.	On	
D8,	the	keepnets	with	introduced	species	were	removed	after	water	








was	 approved	 by	 the	 University	 of	 Hull's	 Faculty	 of	 Science	 Ethics	
Committee	(Approval	#U093).
2.2 | eDNA capture and extraction
After	each	sampling	event,	all	water	samples	were	filtered	imme‐
diately	in	a	laboratory	at	NCFRU	that	was	decontaminated	before	
filtration	 by	 bleaching	 (50%	 v/v	 commercial	 bleach)	 floors	 and	
surfaces.	Three	filtration	replicates	(300	ml	×	3)	were	subsampled	
from	 each	 2	 L	 water	 sample	 collected	 at	 every	 sampling	 posi‐
tion.	All	 filtration	replicates	were	filtered	through	sterile	0.8	µm	
mixed	cellulose	acetate	and	nitrate	(MCE)	filters,	47	mm	diameter	





species	 detection	 via	metabarcoding	 (Li,	 Lawson	Handley,	 et	 al.,	
2018).
To	reduce	cross‐contamination,	samples	 from	the	same	pond	





water	after	each	 round	of	 filtration	 to	prevent	 cross‐contamina‐
tion.	One	filtration	blank	(300	ml	deionized	water)	was	processed	
for	each	pond	on	every	day	of	filtration	to	monitor	contamination	
risk.	 After	 filtration,	 all	 membrane	 filters	 were	 placed	 into	 50‐
mm	 sterile	 petri	 dishes	 (Fisher	 Scientific)	 using	 sterile	 tweezers,	
sealed	with	Parafilm®	(Bemis	Company,	Inc.),	and	stored	at	–20°C	
until	DNA	extraction.	DNA	extraction	was	carried	out	using	 the	
PowerWater®	 DNA	 Isolation	 Kit	 (MoBio	 Laboratories	 Inc.,	 now	





Scientific name Common name Code Abundance Biomass (kg)
E1 Barbus barbus Barbel BAR 7,245 267.99
E1 Abramis brama Bream BRE 6,449 152.33
E1 Carassius carassius Crucian	carp CAR 2,309 80.44
E1 Squalius cephalusa Chub CHU 50 1.30
E1 Leuciscus leuciscus Dace DAC 18,544 123.96
E1 Rutilus rutilus Roach ROA 3,452 44.64
E1 Scardinius 
erythrophthalmusa
Rudd RUD 50 1.09
E1 Tinca tinca Tench TEN 3,605 59.09
E4 Barbus barbus Barbel BAR 4,230 165.07
E4 Abramis brama Bream BRE 1,130 32.33
E4 Carassius carassius Crucian	carp CAR 1,766 79.25
E4 Squalius cephalus Chub CHU 16,395 492.01
E4 Leuciscus leuciscusa Dace DAC 50 0.99
E4 Rutilus rutilus Roach ROA 24,732 355.53
E4 Scardinius 
erythrophthalmusa
Rudd RUD 50 1.12




TA B L E  1  Fish	stock	information	of	
two	experimental	ponds	at	the	National	
Coarse	Fish	Rearing	Unit
     |  5LI et aL.
2.3 | Library preparation and sequencing











































primer,	 5	 μl	 of	 template	 DNA,	 and	 15	 µl	 of	 molecular	 grade	water.	





















Raw	 read	 data	 from	 the	 Illumina	 MiSeq	 have	 been	 submit‐
ted	 to	 NCBI	 (BioProject:	 PRJNA486650;	 BioSample	 accessions:	
SAMN09859568–SAMN09859583;	 Sequence	 Read	 Archive	 ac‐





any	 sequence	 in	 the	 curated	 database	were	 considered	 nontarget	
sequences	 (Appendix	 S1:	 Figure	A3).	To	 assure	 full	 reproducibility	
of	our	bioinformatics	 analysis,	 the	custom	12S	 reference	database	
and	the	Jupyter	notebook	for	data	processing	have	been	deposited	
in	a	dedicated	GitHub	repository	 (https	://github.com/HullU	ni‐bioin	
forma	tics/Li_et_al_2019_eDNA_dynamic).	 The	 Jupyter	 notebook	
also	performs	demultiplexing	of	the	indexed	barcodes	added	in	the	
first	PCR	reactions.













low‐frequency	 noise	 threshold	was	 considered	 as	 absent	 (Appendix	
S3).	After	the	 low‐frequency	noise	threshold	was	applied,	 remaining	
taxonomic	assignments	of	taxa	that	were	not	stocked	in	the	ponds	(i.e.,	
A. calliptera,	Alburnus alburnus,	Blicca bjoerkna,	and	Hypophthalmichthys 
molitrix)	were	also	treated	as	false	positives	and	excluded.
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2.4.3 | Statistical and ecological analyses
All	 statistical	 analyses	were	 performed	 in	 R	 v3.5.0	 (R	Core	 Team,	














mine	 the	 relationship	 between	β‐diversity	 in	Bray–Curtis	 distance	





and	 removal	 of	 introduced	 species,	 pairwise	 Bray–Curtis	 dissimi‐
larities	were	 calculated	using	 the	 function	vegdist	 in	 vegan	v2.4‐4	
(Oksanen	et	al.,	2017).	The	differences	 in	Bray–Curtis	dissimilarity	
between	 different	 sampling	 stages	were	 tested	 by	Kruskal–Wallis	













3.1 | Species detection in the background 
communities
All	stocked	species	were	detected	over	the	course	of	the	experi‐
ment	 in	ponds	E1	and	E4.	 In	pond	E1,	 the	 stocked	 species	were	
Abramis brama	 (common	bream),	Barbus barbus	 (barbel),	Carassius 
carassius	(crucian	carp),	dace,	Rutilus rutilus	(roach),	and	Tinca tinca 










significant	 in	 pond	 E4	 no	matter	 with	 fish	 abundance	 or	 biomass	
(Appendix	S1:	Figure	A4).





species	were	not	present	 in	 the	environment	or	 as	 laboratory	con‐













A2,	0.88	±	0.13)	was	 significantly	higher	 than	other	 sampling	posi‐
tions	 during	 the	 entire	 period	 the	 species	were	 present	 (Appendix	
S1:	Table	A2,	ANOVA:	p	consistently	<0.05).	Moreover,	eDNA	con‐
centration	 (i.e.,	 proportional	 read	 counts	 abundance)	 of	 introduced	
species	was	highest	on	D2	at	the	original	source	(P1)	in	both	ponds	










3.3 | Community variance in Bray–Curtis 
dissimilarity
On	the	whole,	 sampling	day	and	position	had	significant	effects	on	
community	 variance,	 using	 Bray–Curtis	 dissimilarity	 for	 ponds	 E1	
(PERMANOVA:	sampling	days	df	=	7,	R2	=	0.296,	p	=	0.002;	positions	
     |  7LI et aL.
df	=	4,	R2	=	0.235,	p	=	0.002)	and	E4	(PERMANOVA;	sampling	days	
df	=	7,	R2	=	0.241,	p	=	0.013;	positions	df	=	4,	R2	=	0.271,	p	=	0.001).	








Overall,	 fish	 communities	 varied	 in	 Bray–Curtis	 dissimilarity	 be‐
fore	 introduction	 on	D0,	 introduction	 from	D2	 to	D8,	 and	 removal	



































































































































Species DAC TEN ROA CAR BRE BAR CHU RUD
(a) (b)







distance	 from	 P1	 to	 P3.	 However,	 communities	 were	 more	 dissim‐
ilar	at	P4	compared	 to	P3,	with	a	significant	 increase	 in	Bray–Curtis	
dissimilarity	values	(Figure	5a2,b2;	Dunn's	test:	E1	z	=	2.92,	p	<	0.05;	
























E4, P1 E4, P2 E4, P3 E4, P4 E4, P5









































































































(a) (b) (c) (d) (e)
(f) (g) (h) (i) (j)
F I G U R E  3  Temporal	change	over	14	days	(D0–D14)	in	averaged	proportional	abundance	of	introduced	species	across	five	sampling	positions	
(P1–P5)	in	ponds	E1	and	E4.	The	standard	error	bars	represent	three	filtration	replicates	per	sample.	Species	three	letter	codes	correspond	to	
species	are	given	in	Table	1.	The	different	sampling	stages	and	linear	distance	between	sampling	positions	are	described	in	Figure	2








By	D6,	 the	 rate	 of	 eDNA	 release	 from	 the	 two	 introduced	 spe‐
cies	seems	to	 reach	equilibrium	with	 the	 rate	of	eDNA	degrada‐
tion.	 These	 patterns	 are	 consistent	 with	 previous	 qPCR	 studies	
that	 targeted	 single	 species	 and	 investigated	 eDNA	 production	
and	 degradation,	 including	 eDNA	 shedding	 rate	 of	Cyprinus car‐
pio	 (common	 carp)	 in	 aquaria	 (Takahara	 et	 al.,	 2012),	 different	
developmental	 stages	of	Lepomis macrochirus	 (bluegill	 sunfish)	 in	
aquaria	 (Maruyama	et	al.,	2014),	 and	 three	marine	 fish,	Engraulis 
mordax	(Northern	anchovy),	Sardinops sagax	(Pacific	sardine),	and	
Scomber japonicas	(Pacific	chub	mackerel),	in	seawater	mesocosms	
(Sassoubre	 et	 al.,	 2016).	 However,	 eDNA	 concentration	 of	 two	
amphibian	species,	Pelobates fuscus	(common	spadefoot	toad)	and	
great	crested	newt,	exhibits	monotonic	 increases	after	 introduc‐
tion	 into	 aquaria,	 which	may	 be	 the	 result	 of	 a	 longer	 sampling	
period	over	larger	time	intervals,	that	is,	weeks	over	2	months	or	
lower	 degradation	 rates	 in	 controlled	 environments	 (Thomsen,	
Kielgast,	Iversen,	Wiuf,	et	al.,	2012b).
4.2 | eDNA degradation
The	 detection	 rates	 of	 the	 introduced	 species	 decline	 with	 no	
detectable	 eDNA	 signal	 at	 any	 sampling	 position	 in	 both	 ponds	
approximately	48	hr	after	removal.	As	a	result,	there	is	no	signifi‐
cant	 difference	 in	 community	 dissimilarity	 of	 different	 sampling	
positions	among	the	sampling	days	after	removal	of	the	introduced	




fails	 around	 24	 hr	 after	 removal	 from	 aquaria	 (Maruyama	 et	 al.,	
2014;	Thomsen,	Kielgast,	Iversen,	Møller,	et	al.,	2012a),	and	48	hr	
after	removal	of	Salmo salar	(Atlantic	salmon)	from	a	river	ecosys‐












suggested	 to	play	a	 role,	 for	example,	 stress	 (Pilliod	et	al.,	2014),	
breeding	readiness	 (Spear	et	al.,	2015),	diet	 (Klymus	et	al.,	2015),	







of	 the	 introduced	 species	on	approximately	48	hr	 after	 removal	
could	be	the	vertical	transport	(i.e.,	settling)	of	intracellular	DNA	







































































































































































































the	 future	 studies	about	exploring	 the	 spatial	 and	 temporal	dis‐
tribution	of	 eDNA	could	potentially	benefit	 from	measuring	 the	
eDNA	signal	of	sediment	 in	 transects	away	from	the	 introduced	
source	of	eDNA.
4.3 | eDNA transport
Regarding	 horizontal	 transport	 of	 eDNA,	 the	 eDNA	 signal	 and	
detection	probability	of	the	introduced	species	is	highest	close	
to	the	keepnets	(P1)	and	broadly	decreases	with	increasing	dis‐
tance	up	 to	 around	104	m	 from	 this	 point.	 This	 finding	 agrees	
with	 previous	 qPCR	 studies	 that	 reported	 a	 patchy	 distribu‐
tion	 of	 eDNA	 in	 the	 lentic	 ecosystems,	 and	 drastic	 decline	 in	








fish	 is	 well	 homogenized	 in	 the	 ponds,	 and	 the	 eDNA	 signal	
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reservoir	 in	which	 fish	 distribution	 is	 relatively	 homogeneous.	



















ance	 in	eDNA	distribution	 is	highly	 localized	 in	 space.	The	cline	of	
community	variance	over	distance	is	consistent,	where	eDNA	signal	
of	the	introduced	species	is	strongest	at	the	position	closest	to	the	
keepnets	 (P1),	 followed	 by	 a	 reduction	 in	 strength	 from	 P1	 to	 P3	
and	growth	from	P3	to	P4.	Furthermore,	two	introduced	species	are	
detected	at	P5	 in	pond	E4,	but	not	at	P5	 in	pond	E1.	This	may	ex‐
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